Abstract

The Environmental Protection Agency (EPA) Integrated Exposure
Uptake Biokinetic (IEUBK) Model can be used to predict the risk

of elevated blood lead levels in children exposed to environmental
lead from a variety of sources. A major limitation of the model is
its inability to predict the impact of short term of episodic increases
in lead exposure on blood lead levels. The Office of Water (OW)
contracted with ICE International Inc to determine if the [EUBK
model could be adapted so that it could predict changes in blood
lead levels over timeframes consistent with a drinking water utility’s
quarterly monitoring program.

ICF updated the backaround levels of lead in amblent air, solls,
household dust, drinking water and diet used by the model. They
devised an interface for the model that facilitated data entry and
batch operation The model was calibrated to ensure that the
background blood lead projections (with typical drinking water
exposure concentrations) were consistent with the distributions

of blood lead levels seen in the Centers for Disease Control and
Prevention’s National Health and Nutrition Examination Survey
(NHANES) monitoring program. The calibrated model has been used
to estimate impacts on blood lead distributions in children exposed
fo intermittent increases in lead from drinking water. The model
was found to provide consistent resulis for exposure averaging
timeframes as short as thiee months.

Monitoring under the EPA Lead and Copper Rule involves measuring
lead concentrations in first=draw tap samples after the water has
been stagnant for at least six hours, which does hot represent
average human constumption. However, the adapted [EUBK model
allows the OW to examine the incremental impact of hypothetical
increases in average dally lead exposuires on blood lead levels in
young children and thereby inform projections of potential health
risks: [The views expressed in this abstract are those of the authors
and do not necessarily reflect the views of bolicies of the U.S. EPA ]

Background

Lead and Copper Rule
Enacted in 1997 Implemented in 1992

Requires that no more than 10% of first draw. tap water samples
from residential sites selected based ori risk for leaching of lead
exceed the Action Levels for Lead and copper

s Lead Action Level = 15 pg/l

&« MCLG =0 (protects.against cancer, neurotoxicity and
hypertension)

s Copper-Actionlevel = 1.3 mg/L

+«-MCLG = 1.3'mg/L (protects against acute nausea and
indirectly liver damage in sensitive populations)

Exceeding the action level as defined by the Rule is intended to
signal the need to corrosion control and public notification actions as
defined by the act.

The action level was estimated to be protective against an increase in
blood lead levels above 10 pg/dL given background levels at the time
the rule was developed.
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Baseline exposure inputs, summarized in the adjacent chart, were 8506
derived from the IEUBK default values, modified by more recent data N . " )
" . . Residential soil = 55 pg/gm, house dust = 162 py/gm (MHEXAS)
from the Children’s Exposure Factors Handbook and other sources. Residential Soil = 54 “g,%ﬁ‘ hotse dust = 162 ugf;ﬂ (HUD Survey)

wecenp  Green: Unchanged from [EURK Default | Red: Updated
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The thin colored fines in the graph represent the blood lead profiles for one-year exposures beginning at

birth, age one year, etc., compared to the baseline blood fead profile as depicted by the thick blueline. f4d :

] an af i
Drinking Water Concentration {ugldL}

The most impartant feature of the madel results s the essential linearity of blood fead increments,
averaged over widely varying tirme petfods, in response to intermittent exposures in drinking water.

After six months exposure to drinking water lead » 40 pgil, predicted maximum
monthly and quarterly geometric mean blood fevels will excesd the 5 pohfl. Longer-
term average blood lead predictions are fess sensitive to intermittent exposures.
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Model's Projection of Effects on Blood Lead Levels and Intelligence Quotient (1Q)

»- Maximum-average drinking water concentration (ug/L) associated with
amaximum 1 g/l ineréase In Geometric Mean (GM) Blobd Lead Levels
above background

Porerage Drinking Water Leald Concentrations nnrements
Associnted with ncrensed B Blood Lead Levels

Thelinearity of the water lead-blood lead relationships for intermitient exposures allows
the derivation pf “slope Tactors” that can be used 1o prédict children's blood Tead
ncrements over different averaging periods In response 1o short-term lead exposures
frorm drinkihg water starting at different ages. This facilitates examination of the health
imptications of different shork-lerm exposure scenarios;

Relationship of geometric: mean blood lead Jevels to the blood lead levels of
children at the high end of a population distribution

S5tk sl 9%h Percentile Blood Lead (ug/dL) Extimates Associated with
Geornetric Mean Blood Lead Values, Assuming Ditferent G5Ds

wecenp  Yellow: Blood lead level exceeds 5 widl | Green: Blood lead level excends 10 p/dL

Applying the assumption of lognormality, It is possible 1o predict the proportion of
children with blood lead levels above specific target levels given specific GM blood lead
levels. Blood lead distributions were estimated using two different assumptions related to
the geometric standard deviation (GSD) of the children's Blood lead distribution.

710 impacts associated with incremental ingreases in blood lead levels above
background

Estimated 102 Losses Aosociated with Increments In "Peak”
Blood bead Levels, Based on Lanphear (2005 Wodel

Recent studies have derived mathiematical models that describe The relationship
between blood lead metrics and W loss. Lanphear ebal [2005), evaluated the statistical
relaticnships betweerr lifetime; peak; and oncurrent Blood fead levels anid () test-results
i severn study cohorts from:the U.Sand abroad. - When they evaluated "peak “ blood
lead levels-{the highest blood lead measured for gach child), they found the Tollowing
relationship 110

10 =99 3.~ 2,85 % in {Concurrent Blopd Lead)

Yo calculate the difference in predicted 10 between a chifld with elevated drinking water
exposure and a child with “background” exposures, the followlng simplified form of the
equation can be used.

i difference = -2.85* In [Blood Lead {exposed) / Bload Lead (hackground)]

Because the Lanphear et al. model s nonlinear, estimated 10 fosses are dependent on the
"background ™ blood levels against which the increments are measured.
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